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BARREN SOLVENT WASH BY OXIDIZED 
RAFFINATE ACID IN THE PROCESS OF 

URANIUM EXTRACTION FROM PHOSPHORIC 
ACID 

BACKGROUND OF THE INVENTION 

Uranium can be recovered from commercial grade 
wet process phosphoric acid by an oxidative extraction 
reductive stripping process. In this process, an oxidized 
phosphoric acid solution is contacted, generally in a 
multistage, counter-current extractor, with an organic 
extractant solvent composition having an af?nity for 
oxidized uranium values. After extraction, two phases 
are formed, namely an oxidized, aqueous acid raf?nate 
phase and an organic solvent phase rich in oxidized 
uranium values. Then, the organic solvent phase is re 
ductively stripped of its uranium content, by a strip acid 
solution, generally in a multistage countercurrent re 
ductive stripper. The stripped, barren organic solvent, 
containing reducing materials, is then generally passed 
to a decanter, to allow entrained strip acid to settle, and 
returned to the extraction system. 
The uranium can be recovered from the strip acid by 

?rst again oxidizing the acid and then re-extracting the 
oxidized uranium in a second cycle extraction. The 
uranium can be recovered from the second cycle sol 
vent using an ammonium carbonate strip solution and a 
precipitation stage. This process is well known in the 
art, and is taught for example by Hurst et al., in U.S. Pat. 
No. 3,711,591; Elikan et al., in U.S. Pat. No. 3,966,873 
and Sundar, in U.S. Pat. No. 4,002,716. 
Decanting the barren, organic solvent after the ?rst 

cycle stripping, allows entrained strip acid to separate 
from the barren solvent to a certain extent, before the 
solvent is recycled to the extractor. However, humic 
acid gunk and other solids accumulate in the decanter. 
The barren, organic solvent also evidences a lowering 
of extraction ef?ciency when it is recycled to the ex 
tractor, because the entrained acid reduces the uranium 
in the extraction acid. Smith et al., in U.S. Pat. No. 
4,190,633, recognized acid entrainment and solids accu 
mulation problems in the uranium rich organic solvent 
phase; and attempted to solve them, before the stripping 
stage, by clari?cation, water wash, and caustic treat 
ment with NaOH and NazC03, to produce regenerated 
organic solvent. This process, however, involves ?ve 
separate steps, use of caustic chemicals, and would not 
solve extraction ef?ciency problems. 

SUMMARY OF THE INVENTION 

The above problems are solved and the above needs 
met by feeding part of the oxidized, aqueous acid raffl 
nate stream exiting the extractor, into a mixer-settler 
which is near or attached to the last stage of the ?rst 
cycle multi-stage reductive stripper. In the mixer-set 
tler, oxidized, aqueous acid raf?nate contacts barren 
organic solvent, which contains entrained phosphoric 
acid and reduced iron, exiting the stripper and before 
extraction. The oxidized aqueous acid raf?nate is added 
in an amount effective to remove about 70% to 98% of 
the entrained, reduced iron containing phosphoric acid 
from the barren, reduced organic solvent. The total 
contact volume ratio of oxidized, aqueous acid raf 
?natezbarren, organic solvent, which contains en 
trained, reduced iron containing strip acid is from about 
2 to 5:10. 

5 

10 

20 

25 

35 

40 

50 

55 

60 

65 

2 
The acid phase is then fed into the last stage of the 

stripper, and the acid washed organic phase is pumped 
to the extractor. This process is effective to remove 
most of the entrained phosphoric acid from the organic, 
along with the Fe+2 contained therein, and thus the 
acid washed organic phase has a lowered reducing 
effect. Use of the acid washed organic phase can signi? 
cantly increase the uranium extraction coefficient upon 
recycle into the multi-stage extractor. ‘ 

BRIEF DESCRIPTION OF THE DRAWING 

For a better description of the invention, reference 
may be made to the preferred embodiments exemplary 
of the invention, shown in the accompanying drawing, 
which is a simpli?ed ?ow diagram, illustrating the ?rst 
cycle extraction-acid wash-stripping cycle of this inven 
tion. ' 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

In the ?rst cycle of the uranium extraction process, 
phosphoric feed acid from line 1 enters extractor-settler 
2, which may contain 1 to 6 stages. This feed from 
domestic phosphate is typically a 35° C. to 50° C. aque 
ous 5 M to 6 M solution of wet process phosphoric acid 
having a pH of about 0.1 about 2.5, and containing 
about 0.1 to about 0.5 g/l of uranium (as the oxidized 
uranyl ion, UO2+2), about 600 g/l of phosphate and 
about 1 to 15 g/l of iron. In the process shown, the 
phosphoric acid may be oxidized by any suitable means 
in oxidizer 3, to ensure that the uranium is in the +6 
oxidation state, i.e., uranyl ion. In the extractor-settler 2, 
the feed acid is contacted by mixing with a water immis 
cible, organic extractant composition from line 4. The 
organic extractant solvent composition contains rea 
gents which extract the uranyl ions into the organic 
solvent. 

Typically, the solvent composition from line 4 is 
added in a 0.5 to l solvent to phosphoric feed acid ratio 
(by volume). The solvent composition from line 4 con 
tains about 0.2 to 0.7 mole of di-alkyl phosphoric acid 
additive having from 4 to 10 carbon atoms in each 
chain, preferably di-Z-ethylhexyl phosphoric acid 
(D2EHPA) per liter of solvent. The solvent also con 
tains about 0.025 to about 0.25 mole of a synergistic 
additive agent well known in the art, for example, a 
trialkylphosphine oxide, where the alkyl chains are 
linear from C4 to C10, preferably tri-n-octylphosphine 
oxide (TOPO) per liter of solvent. These synergistic 
agents allow reduction of equipment size while increas 
ing uranium extraction. The solvent is usually a hydro 
carbon diluent such as kerosine. While the description 
herein is primarily directed to DZEHPA/TOPO mix 
tures, it is to be understood that other useful di-alkyl 
phosphoric acid/trialkylphosphine oxides can be used. 
The organic solvent stream, rich in complexed, oxi 

dized uranium, and containing some entrained phos 
phoric acid, passes through line 5 to reductive stripper 
6, which may contain 1 to 4 stages, to strip uranium 
from the organic solvent. In the stripper, Fe-l“2 ions are 
oxidized as the uranyl ion is reduced to the U+4 ion. 
The organic solvent stream, as it exits the stripper 
through line 9, contains some entrained phosphoric 
acid, containing reduced iron, Fe+2, from the stripper, 
which provide it with a certain amount of reducing 
effect. This reducing effect, if not compensated for, will 
eventually lower the extraction coef?cient in the ex 
tractor 2 to which it is recycled. A portion of the oxi 
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dized, aqueous, wet process acid raf?nate from extrac 
tor 2 passes through line 7 to the mixer-settler acid wash 
8, in accordance with this invention. 

In the mixer-settler acid wash 8, oxidized acid raf? 
nate contacts barren organic solvent, containing from 
about 0.1 vol. % to about 2.0 vol. % of entrained phos 
phoric acid containing reduced Fe+2, and a certain 
amount of humic acid gunk and other solids. During 
countercurrent flow, the oxidized acid raf?nate re 
moves the entrained, reduced iron containing phos 
phoric acid, so that organic exiting line into line 4, con 
tains only about 0.03 vol. % entrained acid, and a corre 
sponding much lower Fe+2 content. 
The oxidized aqueous acid raf?nate is added in an 

amount effective to remove a substantial amount, about 
70% to 98% of the entrained, reduced, iron containing, 
phosphoric acid from the barren, organic solvent. The 
total contact volume ratio of oxidized, aqueous acid 
raf?nate:barren, organic solvent, which contains en 
trained, reduced iron containing phosphoric acid is 
from about 2 to 5:10. Under 2 vol. parts raf?nate 
acid/ 10 vol. parts organic, minimal entrained phos 
phoric acid is removed with no improvement in the 
extraction coef?cient. Over 5 vol. parts raf?nate 
acid/ 10 vol. parts organic, causes the mixture to be 
aqueous continuous. 
The acid phase is fed into the last stage of the stripper 

through line 10. It will be contacted with elemental iron 
so that is is effective to strip uranium from the organic 
entering through line 5. The Fe+3 present in the acid 
phase 10 is reduced by the elemental iron, so that addi 
tional Fe+2 is present to reduce the uranyl ion. By the 
term “total contact volume ratio” is meant, the total 
amount of acid to solvent in each phase in the washer 
settler, i.e., while the volume ratio of feed from line 
7zfeed from line 9 may vary from 0.1 to 0.7:10, the oxi 
dized acid in the acid wash 8 is usually recycled, or 
allowed to build up in the acid wash, not shown in the 
drawing, so that the phase ratio of total contacting 
acid:organic, in the acid wash, is from about 2 to 5:10. 

Finally, the U+4 ion in the product acid strip solution 
in line 20 is oxidized to the uranyl ion in oxidizer 21, to 
enable the uranium to be extracted again in Cycle II. 
The product from Cycle I contains phosphoric acid and 
typically has a pH of about 0.1 to 2.5. It contains about 
25 g/l to 40 g/l of iron, and about 3 g/l to 15 g/l of 
uranium. 
For a complete description of the Cycle II extraction 

and stripping process, reference may be made to U.S. 
Pat. Nos. 3,966,873 and 4,002,716, herein incorporated 
by reference. 

EXAMPLE 1 

In an operation similar to that shown in the drawing, 
but without an acid wash step, hot, commercial grade, 
wet-process, aqueous, phosphoric acid (30% P205; sp. 
gr.= 1.36), containing about 0.2 gram/liter of uranium 
and about 10 grams/liter of iron was clari?ed, oxidized, 
and fed into an extractor. In the extractor, uranium 
values were extracted into a water-immiscible, organic 
extractant solvent composition containing 0.5 mole of 
di-2-ethylhexyl phosphoric acid (DZEHPA) and 0.125 
mole of tti-n-octylphosphine oxide per 1 liter of kero 
sine as diluent. 
The organic extractant solvent, containing uranium 

values was passed from the extractor to a reductive 
stripper system at about 40° C., to allow stripping of 
uranium values from the solvent into a portion of the 
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acid raf?nate. The raf?nate was from the ?rst cycle 
extractor and had been reduced by elemental iron. 

In the stripper, the reduced strip acid contacted the 
organic phase containing uranium values where part of 
the iron +2 in the strip acid was oxidized to iron +3 in 
the process of stripping the uranium values. 
The barren, organic solvent was then recycled back 

to the extractor. After steady state operation, the ex 
traction coefficient, i.e., wt. concentration of uranium 
exiting the extractor in the organic/wt. concentration 
of uranium exiting the extractor in the acid, fell from 
about 2.7 to 2.1. This loss in ef?ciency was due to en 
trained phosphoric acid containing reduced iron, Pei-2, 
in the barren, organic solvent exiting the stripper, giv 
ing the extractant solvent a substantial reducing effect. 
It was found by centrifuging techniques, that the barren 
organic solvent contained about 0.4 vol. % of entrained 
acid. 

In accordance with the invention, part of the oxidized 
raf?nate acid was now ?rst fed into a mixer-settler to 
acid wash the barren organic solvent, which contained 
entrained, reduced iron containing phosphoric acid, 
exiting the stripper. The acid stream was later passed 
through a reducing loop containing elemental iron in 
the stripper itself, so as to be an effective strip solution. 
For each 100 gpm of barren, organic solvent from the 
stripper, 4.5 gpm of oxidized raf?nate acid fresh from 
the extractor, without being passed through an iron 
cone, was used in the mixer-settler acid wash shown in 
the Drawing. However, the oxidized acid was recycled 
within the acid wash to build a total volume ratio in 
each phase of 1 part acid to 3 parts organic. After steady 
state operation was reached, a centrifugal sample of 
organic exiting the acid wash showed only 0.03 vol. % 
entrained acid, a 92.5% reduction in entrained acid and 
corresponding Fe+2. In addition, the extraction coef? 
cient recovered from 2.1 to 2.5. 

I claim: 
1. In the method of recovering uranium from wet 

process phosphoric acid, where, in the ?rst cycle of the 
process, wet process phosphoric acid feed solution is 
passed through an extraction means to provide a ura 
nium rich organic solvent stream containing di-alkyl 
phosphoric acid and trialkylphosphine oxide extractants 
and an oxidized, aqueous raf?nate acid stream, and 
wherein the uranium rich solvent stream is passed 
through a reductive stripper means, to provide a barren, 
organic solvent stream which contains entrained, re 
duced iron containing phosphoric acid, and a product 
acid stream which is oxidized and passed to the second 
cycle of the uranium recovery process; the improve 
ment comprising, in the ?rst cycle of the process, con 
tacting the barren, organic solvent stream which con 
tains entrained, reduced iron containing phosphoric 
acid exiting the stripper means, and before extraction, 
with an acid wash of oxidized raf?nate acid, in an 
amount effective to remove about 70% to 98% of the 
entrained phosphoric acid. 

2. In the method of recovering uranium from wet 
process phosphoric acid, where, in the ?rst cycle of the 
process, wet process phosphoric acid feed solution is 
passed through an extraction means to provide a ura 
nium rich organic solvent stream containing di-alkyl 
phosphoric acid and trialkylphosphine oxide extractants 
and an oxidized, aqueous raf?nate acid stream, and 
wherein the uranium rich solvent stream is passed 
through a reductive stripper means, to provide a barren, 
organic solvent stream which contains entrained, re 
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duced iron containing phosphoric acid, and a product 
acid stream which is oxidized and passed to the second 
cycle of the uranium recovery process; the improve 
ment comprising, in the ?rst cycle of the process, con 
tacting the barren, organic solvent stream which con 
tains entrained, reduced iron containing phosphoric 
acid exiting the stripper means, and before extraction, 
with an acid wash of oxidized raf?nate acid, in a total 
contact volume ratio of oxidized, aqueous acid raf 
?natezbarren, organic solvent which contains entrained, 
reduced iron containing phosphoric acid of about 2 to 
5.10. 

3. The method of claim 2, wherein the amount of 
reduced iron containing phosphoric acid entrained in 
the barren, organic solvent stream is from about 0.1 vol. 
% to about 2.0 vol. %, the acid wash removes about 
70% to 98% of the entrained phosphoric acid, and the 
extraction coefficient in the extractor is improved. 
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4. The method of claim 2, where the entrained phos 

phoric acid contains iron in the Fe+2 state. 
5. The method of claim 3, wherein the solvent stream 

comprises di-alkyl phosphoric acid, tri-octyl-phosphine 
oxide and kerosine diluent. 

6. The method of claim 2, wherein contact of the 
barren, organic solvent with the oxidized raf?nate acid, 
causes the solvent to have a lower reducing effect. 

7. The method of claim 5, wherein the acid washed 
organic solvent stream is passed to the extractor means. 

8. The method of claim 5, wherein the product acid 
stream of the reductive stripper means is ?rst oxidized. 
and then passed to a second cycle to recover uranium 
by re-extracting the uranium and then stripping the 
uranium using an ammonium carbonate strip solution. 

9. The method of claim 1, wherein contact of the 
barren, organic solvent with the oxidized raf?nate acid, 
causes the solvent to have a lower reducing effect and 
the extraction coef?cient in the extractor is improved. 

* * * * * 


